Experimental details

Materials
Sodium anthraquinone-2-sulfonate (SAS, ≥98% by HPLC) and other chemicals with the highest commercial purity were purchased from Sigma-Aldrich or Merck and used as received.
photooxidation of alkanes and alcohols
The photooxidation reactions were performed by using a homemade light-setup (Setup 1, see Figure   S10 ) at 30 o C under oxygen atmosphere (oxygen balloons). Unless mentioned otherwise, to a 4 mL glass vial 700 uL of MilliQ water (containing 1.0 mM of SAS) and 300 uL of organic substrates were added. The reaction mixture was exposed to visible light bulb (Philips 7748XHP 200W, white light bulb) and continuously stirred at 200 rpm. The distance between the light bulb and reaction vial is 4cm.
At intervals, aliquots were taken, extracted/diluted by ethyl acetate (containing 5mM of dodecane or 1-octanol as internal standards), dried over anhydrous MgSO 4 and analysed by GC (SHIMADZU) using commercial standard.
The H 2 O 2 concentration is quantified by colorimetric assay as described in our previous report.
[ 1] Briefly, 1 mL of mixture containing 100 mg L -1 of 4-aminoantipyrine, 100 mg L -1 of phenol in 20 mM phosphate buffer (pH 6.0) and peroxidase solution (100 µl, 2.5 U m L -1 ) were added to the sample solution (100 µL) and the mixture was incubated for 20 min at 30 °C. The absorbance at 550 nm was recorded spectrophotometrically and [H 2 O 2 ] was calculated based on a calibration curve. water (c(SAS)aq = 1 mM)= 3:7, ambient atmosphere, T=30 oC, hv > 400 nm. The emerging complicated spectrum of SAS after illumination is a strong indication that SAS was photodegraded, mostly via a complicated pathway. [2] The signals between 9.5-9.8 ppm can be attributed to the degraded products from -OH/-CHO/-COOH in arene. [3] Figure S16. Electron paramagnetic resonance (EPR) spectra recorded during the illumination of SAS and benzyl alcohol for 0 min (a), 10 min (b) and SAS and toluene for 10 min (c). Signals marked with solid circles belong to the oxidation product of DMPO, 5,5-dimethyl-2-oxopyrroline-1-oxyl (DMPOX); [4] Signals marked with solid diamonds belong to the spin-adduct •DMPO-OH (a H = 1.49, g = 2.0043). [5] Reaction condition: c(SAS) = 0. Samples were diluted by 40 times with ethyl acetate. Table S1 . Details for GC analysis Product Analysis, column [a] T R [min] [b] Temperature profile 
